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@ Process for making a viscosity index improving copolymer. 

(|7) There is provided a method for making a 

viscosity index improving copolymer which ^ ^'}\^^ ^\ 

comprises polymerizing (meth)acrylate monom- c/'-^^^ 
ers and styrenic monomer(s) in an oil soluble 
diluent to fonm a solution of the copolymer in 
the oil soluble diluent, and wherein the solution 
includes less than or equal to 1000 parts by 
weight residual styrene monomer(s) per one 
million parts by weight solution. 



< 
CD 



CM 
00 
(O 



Q. 

UJ 



Jouve. 18, rue Saint-Denis. 75001 PARIS 



1 



EP0 682 046 A1 



The present invention is concerned with viscosity 
index improving additives for lubricating oils and, 
nnore particularly, to a method for making a copolymer 
from alkyi (meth)acrylate monomers and vinyl aro- 
matic monomer(s). 

Lubricating oil compositions for internal combus- 
tion engines typically include polymeric additives for 
Improving the viscosity index of the lubricating com- 
position, that is, modifying the relationship between 
temperature and the viscosity of the oil composition 
to reduce the temperature dependence of the viscos- 
ity and to lower the "pour point" of the composition, 
that is, to allow the composition to remain fluid at re- 
duced temperature. 

Japanese Patent 8402071 5 discloses an oil solu- 
ble copolymer obtained by reaction of 40 weight per- 
cent (wt%) to 75 wt% (meth) acrylate monomers com- 
posed of 0 parts by weight (pbw) to 80 pbw of a 
(meth)acrylate having a (C8-Ci5)alkyl group and 20 
pbw to 100 pbw of a (meth)acrylate having a (Cie- 
C28)alkyl group; and 25 wt% to 60 wt% of styrene or 
an alkyI styrene. 

While the properties of the copolymer disclosed 
In Japanese Patent 84020715 are desirable, current 
environmental and health concerns dictate that the 
amount of residual styrenic monomer present in any 
commercial embodiment of the copolymer be re- 
duced to a level below 1000 parts per million. Japa- 
nese Pstent 64020715 Is silent with respect to the 
amount of residual styrene monomer present in the 
copolymers disclosed in that patent. 

*: -s r-prsct'car tc rety upon running the polymer- 
ization reaction to a sufficiently high monomer con- 
version so as to leave less than 1000 parts per million 
(ppm) nonreacted styrenic monomer in the copolyme- 
ric product, so that relatively costly processing steps 
as, e.g., stripping of the copolymeric product, may be 
required to remove residual styrenic monomer from 
the product copolymer. 

The present Invention provides a method for mak- 
ing a viscosity index improving copolymer from 
monomers comprising (meth)acrylate monomers and 
styrenic monomer(s) that enables the above-noted 
difficulties to be overcome. 

According to the present invention there is provid- 
ed a method for making a viscosity index improving 
polymer, which comprises: 

a). polymerizing a monomer mixture in an oil solu- 
ble diluent and in the presence of one or more 
polymerization initiator to form a polymerization 
intermediate, said monomer mixture comprising: 
from about 5 parts by weight (pbw) 
to about 70 pbw of one or more (meth)acrylate 
monomer having the structural formula (1): 
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(1) 



and 



wherein: 

each Ri is independently H or CH3; 



each R2 is independently selected 
from (Ci6-C24)alkyl; 

from about 5 pbw to about 85 pbw 
of one or more (meth)acrylate monomer having 
the structural formula (2): 



CH, = C 



I 

c=o 

I 

o 
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(2) 



wr:e-£ln: 

each R3 is independently H or CH3; 

and 

each R4 is independently selected 
from (CT-Ci6)alkyl; and 

from about 5 pbw to about 50 pbw of one 
or more styrenic monomer; and 
b). polymerizing from about 2 pbw to about 20 
pbw, for example from about 2 pbw to about 10 
pbw. additional (meth)acrylate monomer(s) per 
100 pbw of the combined (meth)acrylate mono- 
mers of formulae (1 ) and (2) of the monomer mix- 
ture, said additional (meth)acryiate monomer(s) 
comprising one or more (meth)acrylate monomer 
of formula (1), one or more (meth)acrylate mono- 
mer of formula (2). or a mixture thereof, in the 
presence of the polymerization intermediate, pro- . 
vided that the combined monomers of the mono- 
mer mixture and additional monomer(s) comprise 
from about 5 wt% to about 70 wt% of the 
(meth)acrylate monomer(s) of formula (1), from 
about 5 wt% to about 85 wt% of the 
(meth)acrylate monomer(s) of formula (2) and 
from about 5 wt% to about 50 wt% of the styrenic 
monomer(s), to provide a solution of from about 
30 weight percent to about 90 weight percent of 
a viscosity index improving copolymer in the dllu- 
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ent, said solution including less than or equal to 
"1000 pbw residual styrene monoTner(s) per 
1.000,000 pbw solution. 

In one embodiment of the method of the Invention 
the additional (meth)acrylate monomer(s) com- 
prise(s) substantially the (meth)acrylate monomer(s) 
of formula (1). or comprise(s) substantially the 
(meth)acrylate monomer of formula (2). 

The limitation on the amount of residual styrenic 
monomer(s) in the product solution may, alternative- 
ly, be expressed on the basis of copolymer solids as 
less than or equal to 3.333 pbw residual styrene 
monomer(s) per 1,000,000 pbw copolymer solids. In 
a preferred embodiment, the method of the present 
invention provides a copolymer solution that includes 
less than or equal to 1 ,000 pbw, more preferably, less 
than or equal 500 pbw, residual styrene monomer(s) 
per 1 ,000,000 pbw copolymer solids. 

The terminology "(meth)acrylate" Is used herein 
to generally refer to acrylate esters, methacrylate es- 
ters, and mixtures thereof. Commercially available al- 
kyl (meth)acrylate monomers may be, and typically 
are, mixtures of esters. Such mixtures are typically 
referred to. and are referred to herein, using a con- 
tracted version of the names of the ester species pre- 
dominating in the mixture, e.g.. ••|aur>H-myristyl me- 
thacrylate". "cetyl-eicosyl methacrylate". "cetyl- 
stearyl methacrylate", "dodec/Dentadecyi methacry- 
late". 

As used herein, (Ci6-C24)alkyl means any straight 
or branched alkyi group having 1 6 to 24 carbon atoms 
per group, e.g.. stearyl, cetyl, hepiaaecyt. nonadecyl, 
elcosyl. 

Monomers having the structural formula (1) in- 
clude, for example, stearyl acrylate, stearyl metha- 
crylate, cetyl methacrylate, heptadecyl acrylate. hep- 
tadecyl methacrylate. nonadecyl methacrylate. elco- 
syl methacrylate and mixtures thereof, e.g., cetyl- 
stearyl methacrylate. cetyt-eicosyl methacrylate. In 
one embodiment of the present invention the mono- 
mer(s) of formula (1) is/are selected from the group 
consisting of stearyl methacrylate. cetyl methacry- 
late. heptadecyl methacrylate. nonadecyl methacry- 
late, eicosyl methacrylate, and mixtures of two or 
more of such monomers. 

As used herein. (C7-Cis)alkyl means any straight 
or branched alkyI group having 7 to 1 5 carbon atoms 
per group, e.g.. heptyl. octyl. nonyl. n-decyl. Isodecyl 
undecyl, lauryl. tridecyl and myristyt. 

Monomers having the structural formula (2) in- 
clude, for example, octyl acrylate octyl methacrylate, 
nonyl methacrylate, decyl acrylate, decyl methacry- 
late, isodecyl methacrylate, undecyl methacrylate, 
lauryl methacrylate, tridecyl methacrylate, myristyl 
methacrylate. pentadecyl methacrylate and mixtures 
thereof, e.g.. lauryl-myristyl methacrylate. In one em- 
bodiment of the present inventin the monomer(s) of 
formula (2) is/are selected from the group consisting 



of heptyl methacrylate, octyl methacrylate. nonyl me- 
thacrylate, n-decyl methacrylate. isodecyl methacry- 
late, undecyl methacrylate. lauryl methacrylate, tri- 
decyl methacrylate. myristyl methacrylate. pentade- 
5 cyl methacrylate, and mixtures of two or more of such 
monomers. 

The term "styrenic monomer" means those poly- 
merizable vinyl aromatic compounds having a single' 
aromatic ring per molecule, and mixtures thereof, and 
10 includes, for example, styrene. alkyl-substituted styr- 
enes such as a-methyl styrene. a-ethyl styrene, p- 
methyl styrene and vinyl xylene, halogenated styr- 
enes such as chlorostyrene, bromostyrene and dl- 
chlorostyrene. and other vinyl aromatic compounds 
15 having a single aromatic ring per molecule and having 
one or more nonreactive substituents on the aromatic 
ring. In one embodiment of the present invention the 
styrenic monomer(s) Is/are selected from the group 
consisting of styrene. alkyl-substituted styrenes and 
20 halogenated styrenes. In a preferred embodiment, 
the styrenic monomer is styrene. 

The copolymer of the present Invention is made, 
e.g., by free radical polymerization of selected rela- 
tive amounts of the above-disclosed monomers in an 
25 oil soluble hydrocarbon diluent in the presence of an 
effective amount of a polymerization initiator. 

In a preferred embodiment, the total monomer 
charge includes from aboul 20 wt% to about 50 wt%, 
more preferably abcui 25 wt% to about 35 wt%. 
30 (meth)acrylate monomer(s) of the structural formula 
(1 ). from about 20 wt% to about 50 wt%, more prefer- 
abiy about 25 wt% to about 40 wt%, (meth)acrylate 
monomer(s)of the structural formula <2), and from 
about 20 wt% to about 40 wt%, more preferably about 
35 25 wt% to about 35 wt%, of the styrenic monomer(s). 

The diluent may be any inert oil soluble organic 
liquid and is preferably a hydrocarbon lubricating oil 
which is miscible with or identical to the lubricating oil 
base oil in which the additive is to be subsequently 
40 employed. In a preferred embodiment, the oil soluble 
diluent is a paraff inic or naphthenic neutral oil. 

In a preferred embodiment, the reaction mixture 
includes from about 15 to about 400 pbw diluent per 
1 00 pbw total monomer charge and, more preferably. 
45 from about 50 to about 200 pbw diluent per 100 pbw 
total monomer charge. As used herein, the terminol- 
ogy "total monomer charge" means all monomers 
charged to the reaction vessel during the process of 
the present invention, i.e., the combined monomers of 
so the monomer mbcture and the additional 
(meth)acrylate monomer(s). 

Suitable polymerization initiators include those 
initiators which dissociate upon relatively mild heat- 
ing, e.g., at temperatures in the range of TO'^C to 
55 140°C, to yield a free radical. The specific reaction 
temperature to be used In the polymerization reaction 
is selected in a known way, based on the composition 
of the initiator used in the reaction. Suitable Initiators 
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are known in the art and include, e.g., peroxides, hy- 
droperoxides and related Initiators such as benzoyl 
peroxide, tert-butyl hydroperoxide, cumene peroxide, 
acetyl peroxide, caproyi peroxide, ferf-butyl perben- 
zoate, tert-butyl diperphthalate, methyl ethyl ketone s 
peroxide, azo initiators such as, e.g.. azo diisobutyr- 
onitrlle, azodiisobutyramlde, azobis(a, a-dimethylva- 
leronitrile), azobis{a-methylbutyronitrlle) and dime- 
thyl, diethyl or dibutyl azobis(methylvalerate), and 
mixtures thereof. The peroxide initiators are prefer- io 
ably used at a level of from about 0.01% to 3% by 
weight, based on the total monomer charge, and the 
azo initiators are preferably used at a level from about 
0,01% to about 2% by weight, based on the total 
monomer charge. 75 

In a preferred embodiment, the reaction mixture 
includes from about 0.05 pbw to about 2.0 pbw poly- 
merization Inltlator(s) per 100 pbw total monomers 
and, more preferably, from about 0.1 pbw to about 1.0 
pbw polymerization initiator(s) per 100 pbw total 20 
monomer charge. 

The reaction mbcture may, optionally. Include a 
chain transfer agent. Suitable chain transfer agents 
include those conventional in the art, e.g., dodecyl 
mercaptan, ethyl mercaptan. Dodecyl mercaptan is 25 
preferred as the chain transfer agent. The selection of 
the amount of chain transfer agent to De used is 
based on the desired molecular weight of the polymer 
being synthesized in a marner convenKinsi in the art. 
In a preferred embodiment, the reaction mixture in- 30 
eludes from about 0.01 pbw to about 0.6 pbw chain 
transfer agent per 1OO pbw total monomer charge, 
and more preferably includes from about 0.01 pbw to 
about 0.3 pbw chain transfer agent per 100 pbw total 
monomer charge. 35 

The method of the present Invention may be car- 
ried out as follows:- 

(i). The diluent, an effective amount of first poly- 
merization initiator{s), the styrenic monomer(s) 
and a first portion of the (meth)acrylate mono- 40 
mers are charged to a reaction vessel and heated 
with stirring, preferably under an inert, e.g.. nitro- 
gen, blanket to a temperature within a first reac- 
tion temperature range. A first reaction tempera- 
ture range Is selected based on the composition 4S 
of the first Initiator(s). The batch is then main- 
tained at a temperature within the first reaction 
temperature range, with stirring, for a time period 
effective to allow copolymerization of the mono- 
mers in the reaction mixture, e.g., for about 2 50 
hours to about 12 hours. 

In a preferred embodiment, a portion, e.g., 
from about 25% to about 60%, of the styrenic 
monomer(s) and the first portion of the 
(meth)acrylate monomers is initially charged to 55 
the reaction vessel and heated in the diluent in 
the presence of the polymerization initiator(s) to 
a temperature within the first reaction tempera- 



ture range. The remaining portion of the styrenic 
monomer(s) and the first portion of the 
(meth)acrylate monomers is then fed into the re- 
action vessel with stirring and while maintaining 
the batch at a temperature within the first reac- 
tion temperature range over a time period of 
about 30 minutes to about 180 minutes. Following 
completion of the monomer addition, the batch is 
maintained at a temperature within the first reac- 
tion temperature range for a holding period of up 
to about 4 hours. 

(ii). A second portion of (meth)acrylate mono- 
mer(s) and a second amount of lnitlator(s) Is then 
charged to the reactor. In a preferred embodi- 
ment, the second portion of (meth)acrylate 
monomer(s) comprises about 2 pbw to about 20 
pbw (meth)acrylate monomer(s) per 100 pbw of 
the first portion of the (meth)acrylate monomers. 
More preferably, the second portion of 
{meth)acrylate monomer(s) comprises about 5 
pbw to about 10 pbw (meth)acrylate monomer(s) 
per 100 pbw of the first portion of the 
(meth)acrylate monomer(s). 
In a highly preferred embodiment, the second 
portion of the (meth)acrylate monomer(s) comprises 
substantially either the (meth)acrylate monomer(s) of 
formula (1), i.e., the (Ci6-C24)alkyl (meth)acrylate 
monomer(s). or the (meth)acrylate monomer(s) of for- 
mula (2), i.e.. the <C7-C-5)akyt trreth/acryiate mono- 
mer(s). 

In a very highly preferred embodiment, the sec- 
ond portion of the (metr -scrV bis 
prises substantially the (meth)acryla:e monomer(s) of 
formula (2), i.e., the (C7-Ci5)alkyl (meth)acrylate 
monomer(8). 

The composition of the second amount of initia- 
tor(s) may differ from the initiator(s) present in the ini- 
tial reaction mixture. A second reaction temperature 
range is selected based on the composition of the 
second amount of initlator{s). 

Following completion of the addition of the sec- 
ond portion of (meth)acrylate monomer(s) and sec- 
ond portion of initiator(s), the batch is maintained at 
a temperature within the second reaction tempera- 
ture range for a second holding period of up to about 
4 hours. 

In a prefenred embodiment, a third portion of inl- 
tlator(s), e.g. in an amount of about 0.05 pbw to about 
1.0 pbw polymerization initiator per 100 pbw total 
monomer charge, is added to the reaction mixture 
subsequent to the second holding period. A third re- 
action temperature range is selected based on the 
composition of the third amount of initiator. 

The reaction mixture Is held within the third reac- 
tion temperature range for a time period of about 30 
minutes to about 180 minutes subsequent to the ad- 
dition of the third portion of polymerization lnitlator(s) 
to complete the polymerization reaction. 
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A viscous solution of the copolymer in the diluent, 
wherein the copolymer has substantially the same rel- 
ative composition as the above described total mono- 
mer charge and the solution Includes less than 1000 
ppm, preferably less than 500 ppm. and most prefer- 
ably less than 300 ppm, residual styrenic monomer(s) 
is obtained as the product of the polymerization proc- 
ess of the present invention. The polymer solids con- 
tent of the solution may, optionally, be further adjust- 
ed, i.e., by further dilution, on the basis of the viscos- 
ity of the copolymer to provide a tractable fluid, 

In a preferred embodiment of the present inven- 
tion, the copolymer exhibits a weight average molec- 
ular weight, determined, e.g., by gel permeation chro- 
matography, from about 20,000 to about 500.000, 
more preferably from about 150,000 to about 
400.000. 

In a preferred embodiment of the present Inven- 
tion, the copolymer exhibits a polydlspersity factor, 
i.e.. the ratio of the number average molecular weight 
of the copolymer to weight average molecular weight 
of the copolymer, of about 1 .5 to about 1 0, more pre- 
ferably from about 1.5 to at>out 5. 

Optionally, the copolymer may be synthesized, 
using the method of the present invention, at a molec- 
ular weight that is higher than desired for the intended 
end use and then be mechanically or thermally de- 
graded to adjust the molecular weight of the ccpo'y- 
mer into the desired range, in a manner known in the 
art. 

The polymer solution formed in the method of t^e 
present Invention is useful as an additive corr position 
for improving the viscosity of a lubricating oil and In- 
cludes from about 30 weight percent to about 90 
weight percent, more preferably from about 40 weight 
percent to about 80 weight percent, polymer solids 
dissolved in an oil soluble diluent. 

The copolymer, made by the method of the pres- 
ent invention, may be added, typically in the form of 
the above-disclosed additive composition, to a lubri- 
cating oil base stock, e.g., a paraff inic solvent neutral 
oil. to provide a lubricating oil composition having the 
desired viscometric properties. Suitable lubricating 
oil base stocks include paraffinic and naphthenic 
neutral oils. 

The present Invention also provides an additive 
for improving the viscosity index of a lubricating oil. 
which comprises from about 30 weight percent to 
about 90 weight percent of the copolymer, and from 
about 1 0 weight percent to about 70 weight percent of 
an oil soluble diluent. 

The present invention also provides a lubricating 
oil composition, which comprises from about 2 pbw to 
about 20 pbw, more preferably from about 5 pbw to 
about 1 5 pbw, of the copolymer (on the basis of poly- 
mer solids) per 100 pbw lubricating oil base stock. 

The following Examples are presented to Illus- 
trate various embodiments of the present Invention. 



Example 1 

A copolymer was made by the process of the 
present invention. 

5 A styrenic monomer (styrene (1 65 g)) and a poly- 

merization initiator (74 % benzoyl peroxide (0.95 g)) 
were mixed in a closed vessel at room temperature to 
form a homogeneous solution of the initiator in the 
styrenic monomer. A first alkyi methacrylate mono- 

10 mer (isodecyl methacrylate ( 1 1 2 .5 g)) , a second alkyI 
methacrylate monomer (stearyl methacrylate (192.5 
g)), a polymerization initiator (t-butyl perbenzoate 
(0.10 g)) and a chain transfer agent (n-dodecyl mer- 
captan (0.39 g)) were then added to the solution and 

IS stirred for 10 minutes to form a "monomer mixture". 

A 1 liter reaction vessel was fitted with a therm- 
ometer, a temperature controller, a purge gas Inlet, a 
water-cooled reflux condenser with purge gas outlet, 
a stirrer, and an addition funnel. A portion of the 

20 monomer mixture (120 g) and a diluent (a grade 90, 
solvent neutral mineral oil having a bromine Index 
less than 1 2 (50 g)) were charged to the reaction ves- 
sel. The contents of the reaction vessel were then 
heated to 1 20 °C over a time period of 30 minutes with 

25 stirring and with a nitrogen sparge of 60 cubic cm per 
minute. 

When the reactor contents reached 120 ^'C. the 
remaining monomer mixture was fed to the kettle at 
a substantially constant rate over a time perked of 

30 about 2.5 hours. At the end of the monomer feed, the 
reactive mixture was maintained at 120 °C for a tinne 
perioa of 30 minutes and then an additional amount 
of polymerization initiator (t-butyl peroctoate (0.75 g)) 
and an additional amount of diluent (a grade 90, sol- 

35 vent neutral mineral oil having a bromine index less 
than 20 ( 58 g)) were quickly added to the reaction 
vessel. The contents of the reaction vessel were then 
maintained at 120 *»C for a first holding time period of 
30 minutes. 

40 Following the first holding time period, an addi- 

tional amount of the first alky! methacrylate monomer 
(isodecyl methacrylate (25 g)) and an additional 
amount of polymerization Initiator (t-butyl peroctoate 
(0.75 g)) were charged to the reaction vessel. The 

45 contents of the reaction vessel were then maintained 
at 120**C for a second holding time period of 30 min- 
utes. 

Following the 30 minute second holding time per- 
iod, an additional amount of polymerization initiator (t- 

50 butyl peroctoate (0.75 g)) and an additional amount of 
diluent (a grade 90, solvent neutral mineral oil having 
a bromine index less than 20 ( 58 g)) were charged to 
the reaction vessel. The contents of the reaction ves- 
sel were then heated from 120*'Cto 130^C over a time 

55 period of 30 minutes, then maintained at 130*^0 for a 
time period of 30 minutes and finally allowed to cool 
to ambient temperature. 

The above described process produced a vis- 
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cous solution of a copolymer in the diluent. The solu- 
tion was further diluted with additional diluent (a 
grade 90, solvent neutral mineral oil having a bromine 
index less than 20 (324 g)). The copolymer solution 
of Example 1 exhibited a polymer solids content of 73 5 
wt% and a viscosity of 22,239 centlStokes (cSt) at 
100°C measured according to ASTM D445-88. Con- 
version of monomer to copolymer was calculated to 
be 98%. The product solution included 170 pbw non- 
reacted styrene monomer per one million pbw solu- io 
tion (227 pbw nonreacted styrene monomer per one 
million pbw copolymer), as determined by headspace 
gas chromatography. 

Example 2 is 

A further copolymer solution was made by the 
method of Example 1, using the same relative 
amounts of the respective monomers. The copolymer 
solution of Example 2 exhibited a polymer solids con- 20 
tent of 74 wt% and a viscosity of 25.300 cSt at lOO^'C 
measured according to ASTM D445-88. Conversion 
of monomer to copolymer was calculated to be 99%. 
The product solution included 80 pbw nonreacted 
styrene monomer per one million pbw solutbn (160 25 
pbw nonreacted styrene monomer per one million 
pbw copolymer), as determined by headspace gas 
chromatography. 

The copolymer of the solution of Exam pie 2 ex- 
hibited a weight average molecular weight of 240,000, 30 
measured by gel permeation chromatography using a 
pclystyrene calibration standard, and a po* yr is --=rs :y 
of 4.5. 



about 1000 ppm residual styrenic monomer(s). The 
process of the present invention provides an oil addi- 
tive solution that includes a copolymer having repeat- 
ing units derived from styrenic monomer(s) but that 
exhibits a very low residual styrenic monomer(s) con- 
tent and avoids such costly process steps as, e.g., 
stripping of the copolymeric product to remove un- 
reacted styrenic monomer(s). 



Claims 

1 . A method for making a viscosity index improving 
polymer, which comprises: 

a), polymerizing a monomer mixture In an oil 
soluble diluent and in the presence of one or 
more polymerization initiator to form a poly- 
merization intermediate, said monomer mix- 
ture comprising: 

from about 5 parts by weight to 
about 70 parts by weight of one or more 
(meth)acrylate monomer having the structu- 
ral formula: 



CH, = C 



? 



(1) 



Example 3 35 

The concentrated copolymer solution of Example 
2 was diluted with 1 50 neutral oil (viscosity index of 
92, pour point of -9^C) to provide the lubricating oil 
composition of Example 3. 40 

The lubricating oil composition of Example 3 in- 
cluded 8.7 wt% copolymer solids and exhibited a ki- 
nematic viscosity of 13.94 cSt at 100^C, measured 
according to ASTM D445-88. The lubricating oil com- 
position exhibited a kinematic viscosity of 85.67 cSt 45 
at40*'C. measured according to ASTM D445-88, and 
a viscosity index of 168. 

The lubricating oil composition exhibited a sonic 
shear index (SSI) of 28 and viscosity loss of 17.4 %, 
determined according to Comite Europeen de Coor- 50 
dination (CEC) L 14 A 88 (30 cycles). 

The lubricating oil composition exhibited a pour 
point of -39^C, measured according to ASTM D97-87. 

The process of the present invention provides 
viscosity index improving and pour point lowering co- ss 
polymeric additive for lubricating oils that is derived 
from alky! (meth)acrylate monomers and styrenic 
monomer(s) and that includes less than or equal to 



wherein: 

each Ri is independently H or 

CH3; and 

each R2 is independently select- 
ed from (Ct6-C24)alkyl; 

from about 5 parts by weight to 
about 85 parts by weight of one or more 
(meth)acrylate monomer having the structu- 
ral formula: 



CH, = C 



c=o 

I 

o 
I 



(2) 



wherein: 

each R3 is Independently H or 

CH3; and 
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each R4 Is Independently select- 
ed from (C7-Ci5)alkyl; and 

from about 5 parts by weight to about 
50 parts by weight of one or more styrenic 
monomer, and 5 
b). polymerizing from about 2 parts by weight 
to about 20 parts by weight additional 
(meth)acrylate monomer(s) per 100 parts by 
weight of the combined (meth)acrylate mono- 
mers of formulae (1) and (2) of the monomer 10 
mixture, said additional (meth)acryiate mono- 
mer(s) comprising one or more (meth)acrylate 
monomer of formula (1), one or more 
(meth)acrylate monomer of formula (2), or a 
mixture thereof, in the presence of the poly- is 
merization intermediate, provided that the 
combined monomers of the monomer mixture 
and the additional monomer(s) comprise from 
about 5 weight percent to about 70 weight per- 
cent of the (meth)acrylate monomer(s) of for- 20 
mula (1), from about 5 weight percent to about 

- 85 weight percent of the (meth)acryiate 
monomer{s) of formula (2), and from about 5 
weight percent to about 50 weight percent of 

- the styrenic monomer(s), to provide a solution 25 
of from about 30 weight perceni 10 about 90 
weight percent of a viscosity index improving 
copolymer in the diluent, sa'd solution includ- 
ing less than or equal to ' 000 pans by weight 
residual styrene monomer(s) per one million 30 
parts by weight solution. 



from the group consisting of styrene, alkyl-sub- 
stituted styrenes and halogenated styrenes. 

6. A method as claimed in any preceding claim, 
comprising polymerizing from about 2 parts by 
weight to about 10 parts by weight additional 
(meth)acrylate monomer(s) per 100 parts by 
weight of the combined (meth)acrylate mono- 
mers of formulae (1) and (2) of the monomer mix- 
ture. 

7. An additive for improving the Viscosity index of a 
lubricating oil, which comprises from about 30 
weight percent to about 90 weight percent of a 
viscosity index Improving polymer prepared by a 
method as claimed in any preceding daim, and 
from about 10 weight percent to about 70 weight 
percent of an oil soluble diluent. 

8. A lubricating oil composition, which comprises 
from about 2 parts by weight to about 20 parts by 
weight of a viscosity Index Improving polymer, 
prepared by a method as claimed in any of claims 
1 to 6, per 100 parts by weight of lubricating oil 
base stock. 



2. A method as claimed in claim 1, wherein the ad- 
ditional (meth)acrylate monomer(s) comprise(s) 
substantially the (meth)acrylate monomer(s) of 35 
formula (1), or comprise(s) substantially the 
(meth}acrylate monomer of formula (2). 



3. A method as claimed in claim 1 or claim 2, where- 
in the (meth)acrylate monomer(s) of formula (1) 40 
is/are selected from the group consisting of 
stearyi methacrylate, cetyl methacrylate, hepta- 
decyl methacrylate, nonadecyl methacrylate, ei- 
cosyl methacrylate. and mixtures of two or more 
of such monomers. 45 



4. A method as claimed in any preceding claim, 
wherein the (meth)acrylate monomer(s) of fonmu- 
la (2) is/are selected from the group consisting of 
heptyl methacrylate, octyl methacrylate, nonyl so 
methacrylate, n-decyl methacrylate, Isodecyl 
methacrylate, undecyl methacrylate, lauryl me- 
thacrylate, tridecyl methacrylate, myristyl metha- 
crylate, pentadecyl methacrylate, and mixtures 
of two or more of such monomers. ss 



5. A method as claimed in any preceding claim, 
wherein the styrenic monomer(s) is/are selected 
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